Abstract Improved cookstoves have been identified in Mexico as a key opportunity to advance sustainable local development priorities in disadvantaged regions while mitigating climate change. This paper reviews the Patsari Cookstove Project initiated in 2003 by an NGO, Interdisciplinary Group on Appropriate Rural Technology (GIRA). The project applied an interdisciplinary and participative user-centered approach to disseminate improved cookstoves in rural Mexico, with a special focus on indigenous and poor rural communities. To date, GIRA and the Patsari Network have disseminated thousands of stoves using a Btraining to trainers^model. Benefits from the project include tangible improvements in users' health, as well as savings in time and money expended on fuelwood procurement and use. The project has also documented substantive environmental benefits from significant mitigation of greenhouse gas (GHG) emissions associated with traditional open fires. To sustain scaling up efforts Climatic Change (2017) 
over the long-term, two networks have been created: The Patsari Network, which includes several organizations promoting Patsari stoves for household users, and the Tsiri Network, which supports local food security and the empowerment of indigenous women through the promotion of institutional cookstoves. Through appropriately designed and implemented local interventions, the project demonstrates that the goals of advancing sustainable local development in rural areas and climate change mitigation may not be contradictory, and may in fact reinforce one another.
Introduction
Bioenergy plays a significant role in the satisfaction of human energy needs, constituting almost 10.2 % (50.3 EJ) of the total global energy supply in 2008. Of this total amount, the traditional use of fuelwood and charcoal for food preparation-mainly by the 3 billion most impoverished families in developing countries-represented around 30.7 EJ (Chum et al. 2011) . Fuelwood is typically used in three-stone open cooking fires (TSFs) or in U-shaped open fires ( Fig. 1 ) characterized by low efficiency and large emissions of health-damaging and greenhouse gases pollutants. The global burden of traditional bioenergy use reaches 55 % of total woodfuels harvest and 2 % of global GHG emissions (Bailis et al. 2015) .
Efficient technologies such as improved cookstoves (ICS) could help reduce biofuel consumption as well as emissions derived from biomass use. Carbon offsets from ICS programs could represent an economically viable option for advancing local development priorities whiles reducing global carbon emissions given: wide-scale reliance on biomass fuels as a primary energy source; and health co-benefits from the reduction of indoor air pollution.
In Mexico, ICS have been identified as an important option to mitigate greenhouse emissions and are included within the National Climate Change Action Plan (INDC-México 2015) . In fact, a study by the World Bank (Johnson et al. 2009a, b) identified ICS as the largest mitigation option within the Mexican residential sector in the period between the years 2009 and 2024. This paper reviews the Patsari Project, an ICS project that began in 2003 and continues to the present. Through collaboration between Interdisciplinary Group on Appropriate Rural Technology (GIRA, a non-profit NGO) and the National Autonomous University of Mexico (UNAM), the project incorporates technological innovation, technical evaluation, implementation, and monitoring.
The Patsari project has had very encouraging results regarding social impacts (improved quality of life and decreased health risks), environmental benefits (decrease of pollutants and emissions of greenhouse gases) and economic improvements (saving fuel and time). It has consequently expanded throughout Mexico, adopted by dozens of institutions and organizations that build the Patsari stove. The project has successfully strengthened several of these organizations through its Patsari Network. Moreover, its Tsiri Network, which is composed of small craft workshops that manually produce corn tortillas using the Patsari stove, has significantly impacted on food security. Several challenges, discussed below, remain to more effectively scale up the project and make it sustainable in the long-term.
Domestic fuelwood users and rural communities in Mexico
In Mexico, fuelwood represented about 41 % of the total residential energy consumption in 2010. The almost 23 million users of fuelwood represented about 25 % of the country's total population (Serrano-Medrano et al. 2014; Masera et al. 2005a ). Approximately 15 million are indigenous, which represent about 13 % of the total population (http://www.cdi.gob.mx/).
Fuelwood plays an important role in meeting residential energy needs in rural areas, which often coincide with indigenous regions 1 (CDI 2006) . It is a renewable energy source that is used on a daily basis for food preparation, and requires the dedication of a great part of the day for its procurement. It is a preferred fuel type in rural areas, because it can almost always be acquired or collected locally.
Fuelwood use and its association with fire has been an activity intimately linked to human life, not just for survival, but also as part of religious and cultural expression. Fuelwood gathering, usually from village surroundings, is an especially important activity for women and children of rural communities. However, men gather fuelwood when it has to be brought from more distant places; when larger quantities are needed; or when safety is an issue. (Magallanes 2006) . Figure 2 shows the spatial distribution of fuelwood consumption in Mexico. It can be seen that, with the exception of the Northeastern Region, the rest country is still highly dependent on fuelwood.
Resilience of fuelwood use
In Mexico, LP gas (LPG) is the main cooking fuel in urban areas. In the rural and some peri-urban areas, LPG is increasingly used but it has not fully replaced fuelwood. In general, a Bfuel stacking^system predominates (Masera et al. 2000) among fuelwood users in Mexico. Accordingly, people use LP gas for specific tasks such as reheating food, while fuelwood is still used for activities with strong cultural roots such as making tortillas, tamales or cooking beans.
Access to LP gas is also difficult in remote rural communities, and it is a very expensive source of fuel for poor families (Masera et al. 2005a) . For this reason, the use of fuelwood in Mexico is expected to remain almost steady over the next two decades. Serrano-Medrano et al. (2014) have projected a decrease by only 9 % of the number of exclusive fuelwood users and their associated fuelwood consumption between 2010 and 2030. They anticipate that the total fuelwood consumption will reach 18.4 million tons by 2030 from 19.4 million tons at present. It should be noted that fuelwood use represents 80 % of total wood harvesting in Mexico, including industrial uses of wood such as timber and pulp and paper.
Impact of traditional fuelwood use in open fires
Traditional open fires lack chimneys and are characterized by incomplete and uncontrolled combustion, with a large amount of fuel used as well as particulate matter and many polluting gases being emitted.
Despite the fact that fuelwood is generally gathered or bought at low prices, many of the poorest families in the country still struggle to afford it. Households can spend 15 to 20 % of their income to purchase it, or the equivalent in the time required to acquire fuelwood. Berrueta et al. (2008) reported that the average per capita fuelwood consumption in Mexico's rural communities was 3.4 kg/cap/day for exclusive fuelwood users. This means that that a family uses approximately 6.8 tons of fuelwood in a year. The traditional use of fuelwood also has several negative implications. For instance, adverse impacts on users' health, indoor air quality, and on local and global environments have been widely reported. Indoor air pollution caused by open fires is so serious that the World Development Report (2005) classified this as one of four critical health problems worldwide, and as one of the main causes of mortality for children under the age of 5 years in rural areas (Bates et al. 2005; Smith 2003) . The latest global estimate of the health impacts of household indoor air pollution from solids fuels ranks fuelwood as third among different health risks, with an estimated 3.5 million deaths and an average of 4.3 % of global DALYs (Disability Adjusted Life Years) in 2010 (Lim et al. 2013) .
Women typically spend up to 8 h a day cooking on open fires. During this time, they are exposed to high levels of smoke and pollutants. While these women are clearly a vulnerable group, the highest health risk is for children under the age of 5 years old because of the amount of time that they spend with their mothers at home. Respiratory illnesses, triggered by traditional fuelwood use are regarded as the main cause of morbidity and mortality among these groups (Riojas et al. 2006) .
When burned in open fires, biomass fuels emit a complex gas mixture containing numerous chemicals including: particles of PM 10 and PM 2.5, carbon monoxide, methane, polycyclic aromatic hydrocarbons, nitrogen dioxide, and sulfur dioxide. According to Bruce et al. (2000) , these pollutants have multiple potential health impacts such as exacerbated colds and asthma; respiratory infections; chronic bronchitis and chronic obstructive pulmonary disease; low birth weight; among many others. The use of traditional open fires also entails the risk of burns. Finally, traditional fires emit several compounds that contribute to global warming such as CO 2 , CO, methane and black carbon (Roden et al. 2009; Ramanathan and Carmichael 2008; Anenberg et al. 2012; Bailis et al. 2015) .
Fuelwood use and food security: the case of Tortilleras
Corn tortillas are one of the oldest culinary elements of Mexican culture. More than 90 % of Mexicans consume tortillas on a daily basis in combination with other traditional dishes. In rural México, maize has multiple uses and has been linked to the economic and cultural lives of communities since prehispanic times 2 . In rural communities, fuelwood is used for two of the main cooking tasks: making nixtamal and tortillas (Masera et al. 2005b ). Tortillas are cooked on a round flat utensil called a comal (ceramic or metal) placed over an open fire (Fig. 3) .
Cooking tortillas is a labor-intensive task. Women have to first make the nixtamal before taking it to the mill. The resulting dough is brought home and ground to a finer consistency with the metate and then made into tortillas by hand. Women, called Tortilleras 3 , spend several hours a day making tortillas, one by one, leaning over the comal on the polluting open fire and 2 According to data gathered by FAO (Food and Agriculture Organization), 45 % of Mexico's caloric consumption comes from corn-based food. Mexico is the top tortilla consumer worldwide, with an annual consumption volume close to 22 million tons of tortillas, of which 6.9 million tons are produced using traditional methods. Tortillas provide energy due to their high carbohydrate content, and are also rich in calcium, potassium, and phosphorus. Moreover, they provide fiber, protein, and some vitamins, mainly A, thiamine, riboflavin, and niacin. The economic importance of corn and tortillas is undeniable. 3 These are not the same as tortillerias; commercial establishments that produce tortillas using industrial machines. using more than 25 kg of fuelwood daily (Astier 2004 ). The strong cultural preference for homemade tortillas has largely gone unchallenged in the majority of Mexico's rural communities. Making tortillas is a matter of particular pride for women, contributing to their identity as food providers for their families (Pilcher 1998; Preibisch et al. 2002) .
BHandmade^tortillas are highly appreciated in towns and cities. A large market for them has traditionally existed in the country, providing a livelihood for tortilleras (women who make tortillas for sale). Tortilleras are common in many rural and semi-urban regions of México, and especially within indigenous communities, where there are many handmade tortilla workshops (HTWs).
Indigenous women take special interest in continuing this activity because of their limited access to other income-generating activities (Preibisch et al. 2002) . HTWs provide women with Bcurrency^on a daily basis (Astier 2004) . These workshops are an important source of income for poor and marginal rural families. In most cases, women who are single mothers or widows manage these workshops.
As commercial tortillerias do not buy native maize and regional corn buyers pay low prices, local maize is frequently sold informally in small amounts along the year within the villages (Lerner et al. 2013; Orozco-Ramírez et al. 2010) . In fact, in many regions of Mexico farmers complain for not having reliable marketing channels (Lazos 2014; Orozco-Ramírez et al. 2010) . HTWs buy maize at much better prices and, therefore, representing an important avenue for supporting the production of local maize by small-scale farmers who otherwise would not find a market in these regions (Astier and Barrera 2009 ). There are thousands of these workshops nationwide.
The Patsari cookstove project: initial stage
In Mexico, there have been several efforts to disseminate improved cookstoves (ICS). ICS make more efficient use of fuelwood through better heat transfer and improved firewood combustion than traditional cooking devices. In general, ICS in Mexico have a chimney to direct gases outside of the kitchen.
Within rural areas, a relevant example of ICS dissemination is the Patsari Cookstove Project led by GIRA and UNAM. The project was started in 2003 in the Purépecha region located in the highlands of Michoacan state in Central-Western Mexico. GIRA has worked in this region since 1985, and through the Patsari project has installed around 3000 stoves. However, GIRA has also trained dozens of organizations in more than 20 states in México through a Btraining to trainers^model, resulting in the dissemination of more than 150,000 thousand stoves throughout the country. The Patsari project aims to improve the quality of life for rural families, promotes community development and tries to reduce health risks among users by preventing the inhalation of smoke from burning fuelwood (Masera et al. 2005b; Pine et al. 2011) .
The meaning of the name BPatsari^in the Purépecha language refers to the ancient practice of covering embers from the fire with dirt to keep them alive for generating a fire the next day (Berrueta and Magallanes 2012) . The use of this name refers to stove's ability to retain heat, protect health, and preserve the forest (Fig. 4) .
Patsari stoves were initially distributed in communities located in indigenous regions characterized by severe poverty, very high or high migration rates (CDI 2006) and high fuelwood use. The Patsari project started with four main components: stove innovation; users' training; development of small local businesses; and project monitoring and evaluation. It worked with fuelwood users, small-scale businesses, family-based industries dedicated to tortilla-making, NGOs, and local authorities to facilitate the dissemination and adoption of clean and efficient fuelwood stoves; reduce negative health and environmental impacts; and train local builders in the promotion, dissemination, construction, use, and maintenance of efficient fuelwood stoves. 
The Patsari stove
The Patsari stove is the product of a participatory process of technological innovation. Built on site, the stove combines local and commercial materials, and has a high level of acceptance among users. A technological innovation cycle was followed in the development of Patsari stoves. The cycle started with acquiring an understanding of traditional cooking devices and culinary practices of the region. This involved the participation of researchers from UNAM and GIRA, community promoters, stove builders, and women from communities around Lake Patzcuaro and in the Purhépecha Region. Together they developed, tested, and approved several of the adjustments that culminated in the Patsari stove (Masera et al. 2005b) .
The design of the Patsari stove's combustion chamber and tunnels is optimized, and its parts, including a metal chimney support and metal comals (pans to place the pots) are customdesigned for durability. The stove is constructed using a metallic mold to ensure that critical dimensions are maintained. The exterior structure is made of brick, and the internal body is made of a mixture of mud, sand, and cement. All of these materials are locally available, and the custom-made stove parts are also manufactured by small local industries.
Since the beginning of the project it was clear that to assure proper stove adoption and use, interventions should go beyond stove installation. Therefore, monitoring and evaluation (M&E) were recognized as integral elements within the dynamic process of the stove's innovation and development, and as a critical component of its dissemination process. Five key areas of monitoring and evaluation were conceived within the Project to document major impacts of the Patsari stove and to obtain information on its innovation-dissemination chain. The five M&E focus areas were: health impacts (Riojas et al. 2006) , stove performance (Berrueta et al. 2008; Bailis et al. 2007 ), social perceptions (Magallanes 2006; Troncoso et al. 2007 ), fuelwood renewability (Ghilardi et al. 2009 ) and studies on GHG emissions (Johnson et al. , 2009a .
To monitor the adoption process within communities, GIRA initiated an electronic database to record the installation of all Patsari stoves as well as relevant data on stove construction , actual use of the stove, patterns of fuel use, and stove maintenance. Also, GIRA's M&E approach sustains a continuous process of stove innovation-adaptation-dissemination. The improvement of stove models represents a positive and valuable outcome of this project approach, demonstrating the technology's evolution through design feedback ).
Impacts achieved (fuel savings and health)
Fuelwood savings impact the household economy in two ways: reducing fuel expenses and reducing the time spent gathering fuelwood. Total fuelwood savings resulting from the introduction of Patsari stoves in the Purépecha region were estimated to be 3.2 tons/hh/year (Berrueta et al. 2008; Garcia-Frapolli et al. 2010) .
Other important impacts achieved by the Patsari project are health-related. Compared with open fires, the Patsari stove reduces median PM 2.5 concentrations next to the stove and in the rest of the kitchen by 71 and 58 %, respectively (Zuk et al. 2007 ). It also reduces greenhouse gas emissions by 74 % . Moreover, the Patsari stove has been shown to significantly decrease symptoms associated with reduced lung function (Romieu et al. 2009 ) and to considerably reduce personal exposure to particle material and carbon monoxide (Armendariz et al. 2008 ).
The analysis by Garcia-Frapolli et al. (2010) , that included benefits from fuel and time savings, as well as health improvements, and local and global environmental benefits, showed that the replacement of traditional stoves by Pasari resulted in USD$ 732 per cookstove/year economic benefits for households. The benefits from fuel cost savings and improved health represent the most extensive benefits in monetary terms accounting for 53 % (USD$ 401) and 28 % (USD$ 209) of the overall benefit, respectively. These benefits compare well with the local average household incomes that reach about USD$4000 per year. Patsari cookstoves thus represent a viable economic option for improving the living conditions of the poorest inhabitants of rural Mexico, with benefit/cost ratios estimated to be between 11.4:1 and 9:1. Tables with more details of total economic benefits from using Patsari cookstoves are shown in the Supporting Information Annex.
Impacts related to global climate change
In Mexico, most rural communities are expected to be negatively impacted by climate change. Yet, their contribution to current global environmental problems has been minimal. Therefore it is critical to promote actions that, in the one hand help those communities to better adapt to the expected adverse effects of climate change and at the same time promote synergies with mitigation options that could advance local development priorities without involving extra costs for local inhabitants.
Patsari stoves, are a good example of such options. First, regarding adaptation, by reducing fuelwood use more than 50 %, Patsari stoves are helping to reduce the pressure on local forests, contributing to the reduction of soil erosion and to forest conservation. By making fuel lasting longer, the stoves also help improve food security and provide a better buffer against fuel shortages induced by climate change-related events such as droughts, floods or hurricanes.
At the same time, by substituting traditional fires with Patsari stoves, local communities contribute to the reduction of GHG emissions. Johnson et al. (2009a) have estimated that the mitigation of GHG gases associated to Patsari stoves, could reach between 3 and 9 tCO 2 e/hh/ year depending on the renewability of fuelwood extraction. For the Purepecha region, estimates of mean annual household CO 2 e savings for CO 2 , CH 4 , CO, and non-methane hydrocarbons were 3.9 tCO 2 e/hh/year and for Kyoto gases (CO 2 and CH 4 ) they were 3.1 tCO 2 e/hh/ year. Assuming a 10 % discount rate, the cost of mitigating carbon emissions using Patsari cookstoves would be $10/tCO 2 e abated, and net costs (including all benefits listed by GarciaFrapolli et al. 2010 ) would be minus $104/tCO 2 e abated. And more importantly, this substitution of open fires would not only help to provide environmental benefits, but will bring tangible benefits to local users by improving their living conditions. elsewhere in Mexico was implemented. In subsequent years, GIRA has trained more than 100 organizations throughout Mexico. Referring to databases and reports, we estimate that the collective effort of these organizations has resulted in the installation of over 150,000 Patsari stoves up to 2013. These stoves are part of the Federal Government's National Stove Program, which has installed in total more than 600,000 stoves.
The Patsari project has developed three strategies to ensure that its impacts spread to more communities in Mexico: the Patsari Network, the Tsiri Network and a Social Certification Program. They are described in the following paragraphs:
The Patsari Network and the Carbon Market
The Patsari Network is a partnership of several NGOs in Mexico that seek to strengthen the work of organizations committed to participatory local development through the implementation of Patsari stove programs, with emphasis on indigenous regions. To date, the Patsari Network has distributed over 35,000 Patsari stoves in several Mexican regions.
Among other actions, the network has worked to strengthen the long-term financing of the organizations through the selling of carbon offsets in the voluntary carbon market. Its goal is to acquire monetary resources to sustain the implementation and monitoring of Patsari stoves programs. In 2012, the Patsari Network was integrated within the Utsil Naj program launched by Microsol, a social company that supports Latin American organizations in accessing carbon markets to develop sustainable projects for the dissemination of appropriate technologies. GIRA and its associates ensure that claims of mitigated emissions are genuine through the following measures: compliance with strict methodologies defined by the United Nations Framework Convention on Climate Change (UNFCCC); meeting quality standards determined by the Gold Standard; and periodic project verification by accredited international authorities.
The Tsiri Network
GIRA and UNAM have also responded to the technological challenges faced by tortilleras by designing and developing the Patsari-t, a stove that is specifically adapted for them. This model has been successfully promoted among tortilleras since 2008. By 2012, more than 30 % of the HTWs (handmade tortilla workshops) in the Patzcuaro region owned Patsari-t stoves.
Patsari has substantially changed the quality of life of indigenous women in the tortilla business. Fuelwood consumption has been reduced by 60 %, which has lead to reduced production costs. As tortillas produced are made from native organic maize, using efficient Patsari-t stoves, GIRA has further contributed to the development of an alternative market niche for these Becological^and traditionally made tortillas. This cooperative movement brings traditional tortillas (and other maize products) to urban consumers. According to the view expressed by indigenous women participating in BRed Tsiri^in the Patzcuaro region, they have substantially improved their quality of life by investing less time in selling products and simultaneously by being able to increase their weekly income and improved health also (Masera-Astier and Astier 2014) .
Social Certification and monitoring Program
Since 2011, GIRA has designed and implemented a certification program targeting organizations implementing the Patsari model. This ensures that their implementation techniques are efficient and bring satisfaction to rural families. This program is expected to help guarantee successful dissemination processes and to establish quality standards for technical as well as social aspects. The process consists of four stages: training; planning and starting the project; monitoring project impacts; and follow-up work.
The training stage is led by GIRA in collaboration with other organizations from the Patsari Network. It includes training in the technical aspects of construction and maintenance of Patsari stoves, as well as social participatory tools for implementation. The planning and project-starting stages include support for planning the dissemination process, acquisition of supplies, recruitment of local builders, and quality control supervision of the materials used. The monitoring of project impacts includes inspection of a sample of installed stoves to correct any construction errors. Finally the follow up work includes a house-by-house inspection, this is carried out to document impacts related to fuel consumption, health, and stove use. This continuous monitoring is expected to ensure proper use of the stoves by correcting any problem during the early stages of usage. At the end of the process a certificate is issued that documents the organization's ability to carry out a Patsari stove implementation project. The certificate is valid for 2 years and should be renovated with subsequent inspections.
11 Discussion: challenges for cookstove programs
Contribution of ICS to national mitigation and adaptation strategies
The introduction of Patsari stoves represents a viable economic option for improving life quality in rural Mexican communities. This is achieved through tangible economic and other benefits associated with a reduction in health problems and savings in fuelwood use, as well as by contributing to mitigation of GHG emissions. Besides GHG mitigation and environmental benefits, Patsari stoves have proved to be a catalyst agent in social processes supporting local identities. Among Mexico's rural and indigenous communities, the kitchen is the Bheart of the home^where the family gathers to socialize and make important daily life decisions. Patsari stoves have been seen to transform the kitchen into a clean and safe place, which is an important aspect of effectively improving the quality of life of indigenous families. Also, as discussed before, by reducing fuelwood use, and thus pressure on local forests, cookstoves are an option that can be integrated into more general adaptation strategies for climate change.
At the country level, improved cookstoves have been shown to represent a sizable mitigation option, Islas et al. (2007) and a comprehensive study by the World Bank (Johnson et al. 2009b ) have estimated that the total mitigation potential of GHG emissions through the introduction of efficient wood stoves in Mexico could reach 19.4 MtCO 2 e/year, the highest for the Mexican residential sector. Additionally, it has been reported that the introduction of efficient cookstoves represents a good cost-efficient option to reduce GHG emissions at a net cost of −2.3 USD/tCO 2 e when time savings are included, and −18.90 USD/ tCO 2 e when both time and health benefits are included (Johnson et al. 2009b) .
The government of Mexico considers adaptation to climate change as a priority to reduce the country's vulnerability (INDC-México 2015) . There are opportunities to foster mitigation measures and actions that also increase the adaptive capacity of the population. This is captured in the General Law on Climate Change, the National Strategy on Climate Change and the Special Program on Climate Change 2014-2018, which describes specific actions, like implementation of cookstove projects with a potential contribution of 2.05 MtCO2e/yr to 2018 (2.5 % of total goal of mitigation for all country).
Nevertheless, as discussed below, there are still many challenges and constraints that may preclude sustaining the benefits of stove implementation in Mexico's rural areas in the longterm.
Methodological issues
Current methodologies applied in the Voluntary and CDM carbon markets do not adequately account for all of the GHG gases mitigated by cookstoves, and thus, they restrict the benefits that can be obtained from mitigation of GHG emissions. Also there are factors such as the fraction of non-renewable biomass that are difficult to quantify at the local level, which require spatially explicit analysis (Masera et al. 2004) . Mitigation of black carbon emissions is another important aspect that needs to be studied and eventually incorporated into the methodologies, because it could represent a more effective way to reduce global warming in the short-term. Proposals to cope with these three problems have been recently advanced (see for example Bailis et al. 2015 on the fraction of non renewable biomass and work from the Gold Standard to examine the inclusion of black carbon within voluntary certification methodologies (Gold Standard 2014) and hopefully they will help overcome the stated barriers.
Financial issues
The current price of carbon credits barely covers the project's cost and does not make justice to the multiple co-benefits that improve cookstoves bring. Also there is a high uncertainty of what will be the fate of the current CDM market after the Conference of the Parties in Paris at the end of 2015. Besides CDM and the voluntary market as funding sources, carbon offset projects require other financing mechanisms that can account for the totality of their benefits. New results-based protocols documenting the multiple benefits of stove programs are critical for attracting more financial sources and ensuring their continuity in the long-term.
Technical and implementation issues
It is important to work toward establishing certification programs for cookstoves built in-situ, as well as developing protocols for social certification that integrate users during the process of implementing and validating the technology. A continuous process of innovation based on a dialogue with local users and with feedback from local knowledge is also essential. Furthermore, it is important to improve cookstove programs to better adapt to the high diversity of social and cultural contexts of peasant and rural families.
Institutional issues
In many cases, improved cookstoves are not considered to be genuine alternatives for local social and economic improvement by government and financing agencies. Thus, there is a strong need to promote awareness within the government about the importance of these programs in terms of health, environmental and other benefits for local users, particularly women. Finally, massive awareness campaigns are necessary for users to understand the importance of reducing the health impacts caused by fuelwood smoke and the benefits of this technological innovation.
Improved cookstoves and food security
Food security means the enduring right to safe and culturally acceptable food. As explained above, the traditional tortilla is mainly cooked using fuelwood in the rural sector. Traditional tortillas therefore bring together two key local natural resources: fuelwood and native maize (Orozco-Ramírez et al. 2010) . Currently there is a growing demand for traditional and handmade tortillas in the peri-urban and urban sectors (Lerner and Appendini 2011) . Accordingly HTW that rely on Patsari or other improved cookstoves, could promote more sustainable maize production and cooking (Astier and Barrera 2009) . Farmers could also find a secure market for the native maize they produce. Consequently, indigenous landraces are preserved, while traditional tortillas can still be consumed, preserving indigenous gastronomy and securing local food.
Conclusions
The dissemination of Patsari stoves shows that when properly implemented and monitored ICS programs result in a set of tangible environmental, health, and economic benefits for rural communities. Specifically, we have shown that Patsari stoves help both to adapt to climate change and to mitigate greenhouse gas emissions, decrease exposure to fuelwood smoke, reduce respiratory illnesses, and improve the health of women and children among others. Moreover, these stoves save fuelwood, and thereby help to reduce forest degradation resulting from intensive fuelwood use, as well as the time spent gathering and transporting fuelwood (especially for women and children).
At a global level, improved stove programs represent an attractive and cost-effective option for the reduction of carbon emissions, when we consider that almost 3 billion people cook with solid fuels. Rather than focusing narrowly on mitigation, cookstove programs need to consider the reduction of GHG emissions as a by-product of more general sustainable development goals attained by these programs, such as health benefits resulting from the reduction of indoor air pollution, as well as economic and environmental benefits from the decrease in fuel consumption. For the programs to be effective, it is also critical that they are based on an understanding of local cooking practices and that they foster local people participation at the different program stages, from stove design to monitoring. Finally, it is also critical that the programs go beyond the installation or selling of cookstoves, by taking actions to ensure the sustained use of stoves in the long-term, as well as to provide solutions for the non-cooking uses of the traditional fires (e.g., space heating, water heating, roof protection, etc.).
